Heterogeneity in the binding of lipid molecules to the surface of a membrane protein: hot spots for anionic lipids on the mechanosensitive channel of large conductance MscL and effects on conformation.
We have introduced single Trp residues into the mechanosensitive channel of large conductance (MscL) from Mycobacterium tuberculosis and used fluorescence quenching by brominated phospholipids to detect the presence of a binding site of high affinity for anionic phospholipids. A cluster of three positively charged residues, Arg-98, Lys-99, and Lys-100, is located on the cytoplasmic side of MscL, in a position where they could interact with the headgroup of an anionic phospholipid. Single mutations of these charged residues in the Trp-containing mutant F80W results in a decreased affinity for phosphatidic acid. Single mutations of the charged residues also result in a significant shift in the fluorescence emission spectrum in dioleoylphosphatidylcholine [di(C18:1)PC] but smaller shifts in dioleoylphosphatidic acid [di(C18:1)PA], suggesting that single mutations result in a conformational change for the protein that is reversed by interaction with anionic phospholipids. This is consistent with the observation that single mutations of the charged residues do not result in a gain of function phenotype. In contrast, simultaneous mutation of all three charged residues results in a gain of function phenotype, and a shift in fluorescence emission spectrum in di(C18:1)PC not reversed in di(C18:1)PA. The gain of function mutant F80W:V21K also shows a shifted fluorescence emission spectrum in both di(C18:1)PC and di(C18:1)PA and binds di(C18:1)PC and di(C18:1)PA with equal affinity, suggesting that the conformational change caused by the V21K mutation results in a breakup of the cluster of three positive charges. Experiments with the Trp mutants L69W and Y87W allow us to measure lipid binding constants on the periplasmic and cytoplasmic sides of the membrane, respectively. On both sides of the membrane the affinity for di(C18:1)PC is equal to that for dioleoylphosphatidylethanolamine. On the periplasmic side of the membrane, there is no selectivity for anionic phospholipids. In contrast, quenching data for Y87W provides evidence for the existence of two lipid binding sites on the cytoplasmic side of the membrane close to the Trp residue at position 87, with binding to one of these sites showing a marked preference for anionic lipid over zwitterionic lipid, presumably involving the charged cluster Arg-98, Lys-99, and Lys-100.